F ractalkine is the sole member of the CX3C family and has unique structural and functional attributes. 1 Fractalkine binding to its 7-transmembrane domain G-protein-coupled receptor (CX3CR1) triggers signaling, but it also directly mediates cell adhesion. 2 Fractalkine binds CX3CR1 rapidly and firmly, leading to tethering and arrest of leukocytes under conditions of physiological flow independent of CX3CR1 signaling. 2 
CX3CR1-expressing cells, including CD4
ϩ T cells, CD8 ϩ T cells, and NK cells, also express CD57 and CD11b (markers for cytotoxic lymphocytes). 3 CX3CR1 is believed to be a key mediator of atherogenesis and is expressed in atherosclerotic plaques 4, 5 and in vessels from diabetic subjects. 6 The function of CX3CR1 in atherosclerosis was assessed by crossing CX3CR1 Ϫ/Ϫ mice into the apolipoprotein E (apoE) Ϫ/Ϫ background. Lesion formation throughout the aorta, including the aortic root, and macrophage accumulation were significantly reduced in the CX3CR1 Ϫ/Ϫ /apoE Ϫ/Ϫ animals, 7 suggesting a role for fractalkine in atherogenesis. 8 CX3CR1 has 2 common coding polymorphisms, namely V249I and T280M; I249 and M280 have been shown to be in linkage disequilibrium 9 -11 and have been associated with interindividual differences in susceptibility to HIV infection, atherosclerosis, and stroke. 9 -13 Despite these findings and the identification of CX3CR1 expression in atherosclerotic plaque, 4,5 the majority of the studies investigated the frequency of CX3CR1 polymorphisms in case-control studies, whereas no data are available on the possible role of these polymorphisms on early markers of atherosclerosis such as intima-media thickness (IMT) of the common carotid artery. We thus investigated the effect of the M280 and I249 variants of CX3CR1 on IMT in the PLIC study (a prospective population-based study) on the Progression of Lesions in the Intima of the Carotid.
Materials and Methods
The PLIC study was designed to investigate the presence and progression of atherosclerotic lesions and IMT in the common carotid artery in a local cohort (2141 subjects). The study was approved by the ethical committee for the Center for the Study of Atherosclerosis, University of Milan, and the participating subjects signed an informed consent. A detailed description of the study has been published previously 14 and as online supplement and includes the measurement of biochemical parameters and clinical outcome, the ultrasonography analysis, DNA extraction, and genotyping and statistical analysis.
Results
Of the 1256 DNA samples used for the genotyping test, results are available from 1168 samples; the genotype of 88 samples is missing because of technical reasons. No deviation from the Hardy-Weinberg equilibrium was observed for the V249I and for the T280M polymorphisms, and the 2 polymorphisms resulted in partial linkage disequilibrium (DЈϭ0.82 and R 2 ϭ0.36) as already shown. 9 -11 The genotype frequencies are presented in Table 1 . Age, gender, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglyceride, systolic and diastolic blood pressure, body mass index, and glucose levels did not differ between the subjects with the VV, the VI, and the II 249 genotype (Table 1) . Similar results were obtained for the T280M polymorphism (Table 1) , although triglyceride levels were lower in subjects with the MM genotype ( Table 1) . Although a higher number of females were observed in the MM group, the difference of male/female distribution between the genotypes was not statistically different. When data were stratified for gender, triglyceride levels resulted lower in the MM group regardless of gender, but these differences were not statistically significant because of the low number of MM subjects in each group.
Association between polymorphisms of the CX3CR1 and carotid IMT. No association between IMT and V249I variants was observed ( Figure) , whereas significantly reduced IMT was observed in subjects with the MM280 genotype (0.57Ϯ0.12 mm) compared with subjects with the TT (0.65Ϯ0.14 mm) or the TM (0.65Ϯ0.13 mm) genotype (Pϭ0.014 and Pϭ0.007, respectively; Figure) . In addition, the relationship between MM280 and lower IMT remained significant after multivariate adjustment for age, plasma lipids, glycemia, and blood pressure. When the interaction between lifestyle-related risk factors such as smoking with the T280M polymorphism was investigated, MM280 frequent smokers (Ͼ10 cigarettes for day) showed a significant lower IMT (0.63Ϯ0.13 mm) compared with TT (0.67Ϯ0.11 mm) or the TM (0.69Ϯ0.10 mm) carriers (Pϭ0.049 and Pϭ0.018, respectively), confirming the protective role of the MM280 genotype independent of smoking.
The analysis of the combined genotype showed that of the 9 possible genotypes, 7 genotypes were detected in our population (Table 2) , with the VV249/TT280 being the most represented (56.8% of the population). Subjects with the VI249/MM280 or the II249/MM280 genotype showed significantly reduced IMT compared with subjects with the other combined genotypes (Table 2) .
Discussion
The major finding of this study is that human subjects with the fractalkine receptor M280 rare allele have a reduced IMT compared with individuals homozygous or heterozygous for the T280 allele.
CX3CR1 is involved in tethering and arrest of leukocytes, thus it has been suggested as a key mediator of atherogenesis. Pioneer studies investigated the role of CX3CR1 polymorphisms in small cohorts of case-control studies showing that the presence of the I249/M280 haplotype is associated with a reduced risk of acute coronary events 13 and coronary artery disease. 9 In a large case-control study, only the presence of the M280 allele was associated with lower risk of cardiovascular disease, 10 a protective effect on the occurrence of acute coronary syndrome 15 and internal carotid artery occlusive disease, 11 whereas the presence of the I249 in the absence of M280 was associated with a worse outcome.
Our results extend these findings as we demonstrate for the first time in a large free-living population setting a correlation between the presence of the M280 allele and carotid IMT that appears to be independent of the major risk factors for cardiovascular disease. Our data suggest a possible protective effect of the M280 allele on the early stages of atherosclerosis and the associated inflammatory response, in agreement with the observation by McDermott showing that leukocytes from homozygous M280/I249 donors have a markedly decreased adhesive function, signaling, and chemotaxis, 10 setting the stage for further investigation in this area.
A limitation of this article is that no data on the progression of the disease are available yet. We are currently collecting prospective data at the 3-year re-examination on the whole population. A second limitation is that we have not addressed the role of diabetes on the effects of the M280 genotype of CX3CR1 on IMT. This is because of the low incidence of diabetes (3%) in the PLIC population; nevertheless, after adjustment for glucose levels, the protective effect of the M280 allele remained significant.
In conclusion, we show in a large cohort of subjects that the presence of the M280 genotype of CX3CR1 is associated with a decreased carotid IMT, suggesting that also in humans, the fracktalkine receptor plays a major role on atherogenesis. 
